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APPEAL BRIEF 

This is an appeal from the decision by the Examiner in the final rejection dated 
October 31 , 2003 rejecting claims 17-20 and 37-40. This application was the subject of an 
earlier appeal filed September 6, 2002 with an Appeal Brief filed on December 17, 2002, 
accompanied by the statutory fee of $320. Accordingly, it is respectfully requested that the fee 
paid with the first Appeal Brief be applied to this Appeal Brief in accordance with MPEP 
§1208.02. This Appeal Brief is submitted in triplicate. 

As explained below under the headings Status of Claims and Status of Amendments , the 
claims pending in this application at the time of the final rejection and the filing of the Notice of 
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Appeal were claims 17-20 and 37-44. An amendment under 37 CFR §1.116 is being filed 
concurrently with this Appeal Brief to place claim 17, originally dependent from claim 37, in 
independent form by incorporating the subject matter of claim 37, and claim 37 has accordingly 
been cancelled. Upon entry of the amendment under 37 CFR §1.116, the claims for 
consideration in this appeal will be claims 17-20 and claims 38-44. Claims 18 and 19 are 
dependent from claim 17 and claims 38-44 are dependent from independent claim 20. 

Real Party in Interest 

The real party in interest is Fina Research, S.A., a Belgium corporation, as recorded by the 
assignment dated February 24, 1999, and recorded in the Patent and Trademark Office on 
March 22, 1999, at Reel/Frame 9843/0236. 

Related Appeals and Interferences 

There are presently no appeals or interferences directly related to this appeal. However, 
commonly-assigned applications having the same inventive entity as, or a common inventor with 
this application and directed to catalytic cracking processes are the subjects of appeals as 
indicated below. 

Application Serial No. 09/206,218; Notice of Appeal filed August 22, 2002 
Application Serial No. 09/596,356; Notice of Appeal filed June 10, 2002 

Status of Claims 

The claims pending in this application upon filing of the Notice of Appeal were claims 
17-20 and 37-44. Upon entry of the amendment under 37 CFR §1.1 16 as referred to above, claim 
17 would be amended to incorporate the subject matter of original parent claim 37 in its entirety and 
claim 37 would be cancelled. Thus, the claims pending in this application for consideration on 
appeal are claims 17-20 and claims 38-44. Claims 17-20 and 38-44 are reproduced in Exhibit A. 

-2- 
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Status of Amendments 

An amendment under 37 CFR §1.116 is being filed concurrently with this Appeal Brief. 
Since this amendment cancels original claim 37 and amends claim 17 to incorporate the subject 
matter of original claim 37 and place claim 17 in independent form, it is presumed the amendment 
will be entered. 

Summary of the Invention 

The claims on appeal are directed to a process for the cracking of olefins in an olefin-rich 
feedstock having dienes removed, employing an MFI crystallate silicate catalyst having a 
silicon/aluminum atomic ratio of from 180-1,000 (page 14, second paragraph). The feedstock is 
supplied to the MFI crystallate silicate catalyst at an inlet temperature of 500-600° C. Other reaction 
conditions include an olefin partial pressure of 0.1-2 bars, and a space velocity (LHSV) of from 10- 
30 h" 1 (page 7, first paragraph). In one aspect of the invention, the cracking process is specific to 
propylene and the effluent from the cracking process has a higher propylene content than the 
feedstock. The feedstock is treated to remove dienes from the feedstock prior to the cracking 
operation by selective hydrogenation of the dienes (page 7, second paragraph). The preliminary 
diene hydrogenation procedure is carried out at an inlet temperature of 40-200° C and a pressure of 
5-50 bars, preferably 20-30 bars. The space velocity of the feedstock during the diene 
hydrogenation procedure is within the range of 2-5 h" 1 (paragraph bridging pages 19 and 20). The 
maximum diene concentration is 0.1 wt.%. 

The MFI catalyst employed in appellants 5 invention is of a particular crystalline structure 
type as established by the Structure Commission of the International Zeolite Association as 
referred to on page 1 of appellants' specification. As stated there, ZSM-5 and silicalite are MFI- 
type crystalline silicates. Attached hereto as Exhibit B is a copy of pages 1-12 and 89-93 from 
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the Atlas of Zeolite Structure Types by Meier et al, published by the Structure Commission of the 
International Zeolite Association in 1978. As indicated on page 93, ZSM-5 and silicalite 
(referred to in Footnote 1 by reference to Flanigen et al (1978)) are MFI structure types. While 
both ZSM-5 and silicalite share the same structure type, they are otherwise distinctly different 
molecular sieves. ZSM-5 is a zeolite. Silicalite is not a zeolite but instead is a silica polymorph. 
Attached hereto as Exhibit C is a copy of the Flanigen et al. article (Flanigen, E. M., et al, 
"Silicalite, a new hydrophobic crystalline silica molecular sieve," Nature, vol. 271, February 9, 
1978) referenced in page 93 of Meier et al., which together with U. S. Patent No. 4,061,724, 
referenced in Appellants' specification at page 2, provides a description of silicalite. 

The effect of minimizing the diene content of the feedstock, specifically by a preliminary 
hydrogenation procedure, is illustrated by Example 15, with results shown in Figure 7, and 
Comparative Example 4, with results shown in Figure 8 (pages 39 and 40). In each of Example 15 
and Comparative Example 4, dealuminated silicalite, having a silicon/aluminum atomic ratio of 182 
in Example 15 and 180 in Comparative Example 4, is employed in the olefin cracking procedure. 
In Example 15, the feedstock was a light crack naphtha containing 37 wt.% olefins which was 
pretreated in order to hydrogenate the dienes originally present. In Comparative Example 4, 
employing a catalyst from Example 4 (page 29), the silicalite catalyst had a silicon/aluminum 
atomic ratio of 180. The feedstock had not been subject to a preliminary hydrogenation procedure, 
and had a diene content of 0.5 wt.%. In Example 15 (reported in Figure 7), the inlet temperature 
was 557° C, and the space velocity (LHSV) was 25 h" 1 . In Comparative Example 4, the inlet 
temperature was 570° C and the LHSV was 27 h" 1 . As can be seen from an examination of Figure 7, 
the propylene yield, after the initial startup of the process remained relatively constant over the life 
of the process up to about 220 hours onstream. In contrast, as shown in Figure 8, Comparative 
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Example 4 which had a diene content of 0.5 produced a steeply declining propylene yield from an 
initial value of about 18 wt.% to about 6 wt.% after about 140 hours onstream. 

As illustrated by the experimental work and as described in appellants' specification at 
page 40, the feedstock containing a relatively high diene content resulted in a substantial and rapid 
deactivation of the catalyst. However, by initially hydrogenating the feedstock to hydrogenate the 
diene content therein, the result was a prolonged period of catalyst stability of up to 220 hours 
onstream. 

Prior Art 

The prior art relied upon in rejecting the claims includes the following: 
EP 109060 to Colombo; 

U.S. Patent No. 4,078,01 1 to Glockner et al; and 
U.S. Patent No. 4,347,392 to Cosyns et al. 

Issues 

The issues in this appeal are whether each of claims 17-20 and 38-44 is obvious under 35 
U.S.C. §103 over EP 109060 to Colombo in view of Glockner or in view of Cosyns. It is noted 
that the final rejection refers to a rejection under 35 U.S.C. § 102(b) as involving anticipation. 
However, it is believed clear that there is no issue of anticipation and that the issue should be one 
of obviousness based upon an alleged combination of prior art references. This is reinforced by 
the various comments in the final rejection specifically identifying claim limitations which are 
not found in any individual reference. 
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Grouping of Claims 

In the arguments presented in this Brief, all of the claims do not stand or fall together. In 
addition to arguments applicable to all of the claims, additional arguments are presented referring 
specifically to each of the claims 17 & 40, 20, 41 & 42, and 43 & 44. 

Appellants' Arguments 

As acknowledged in the final rejection, the primary reference to Colombo does not 
address the subject of dienes in the feedstock and does not address any sort of procedure for the 
hydrogenation of dienes, or for that matter, for the hydrogenation of anything else. For the 
reasons advanced below, appellants would respectfully submit that the teachings of Colombo and 
Glockner et al. or Cosyns et al. cannot be selectively combined in order to arrive at appellants' 
invention without a hindsight reconstruction of the prior art references which can be made only 
with the benefit of appellants' disclosure. Further, even if one of ordinary skill in the art, were, 
after considering appellants' disclosure, to attempt to combine Colombo and Glockner et al. or 
Colombo and Cosyns et al., the result would not involve the selective hydrogenation of dienes in 
an olefin-rich stream to form at least one olefin as set forth in claim 20, or further to form a 
feedstock having a maximum diene concentration of 0.1 wt.% as called for in independent claim 
17 and set forth in dependent claim 40, dependent from claim 20. 

Turning first to the rejection based upon Colombo and Glockner, it is noted that the 
secondary reference, Glockner, does not disclose selective hydrogenation of a feedstock for 
purposes even remotely similar to those involved in Colombo or in appellants' process. As the 
Examiner acknowledges, Colombo does not disclose a process for cracking of a feedstock 
containing dienes and further, does not disclose a procedure involving the hydrogenation of 
dienes. The patent to Glockner discloses the hydrogenation of dienes, but the Glockner 
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procedure is not concerned in any respect with the hydrogenation of a feedstock to be applied to 
a cracking process of any nature. In fact, cracking is not even mentioned in Glockner except as a 
source of an alkylation feedstock. In Glockner, the hydrogenation procedure is carried out in 
order to arrive at an olefin stream to be used as the feed in an alkylation process. Thus, the 
purpose of hydrogenation as disclosed in Glockner is to arrive at mono-olefins suitable for 
alkylation. Clearly, there is nothing in Glockner which would lead one of ordinary skill in the art 
to consider the Glockner process for the hydrogenation of dienes in a feedstock to be applied to a 
cracking process of any sort. 

The Final Rejection observes that the primary reference, Colombo, does not require the 
presence of dienes. However, the absence in Colombo of any reference to dienes clearly would 
not suggest to one of ordinary skill in the art a process for the hydrogenation of dienes. More to 
the point, however, is the fact that the patent to Colombo does not require the absence of dienes, 
and further, there is no disclosure in Colombo of a maximum diene content of 0.1 wt.% as called 
for in claim 17 and in dependent claim 40. Further, even if one of ordinary skill in the art, after 
considering appellants' disclosure, were to attempt to combine the teachings of Colombo and 
Glockner, the result would be to seek to avoid more than 1% dienes since this is what Glockner 
disclosed for its alkylation feedstock. The result would not be to arrive at a maximum diene 
content of 0.1 wt.% or 0.05 or 0.03 wt.% as called for in dependent claims 41 and 42, 
respectively. 

Other than the reference at the top of page 6 to the Cosyns abstract as disclosing 
hydrogenating dienes containing olefins, the Final Rejection does not appear to discuss the 
secondary reference to Cosyns et al. and accordingly, offers no basis in the prior art for 
combining the teachings of Cosyns with Colombo. However, it is clear that the Cosyns 
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procedure is not directed to the treatment of a feedstream in an olefin cracking process, and in 
fact, there is nothing in Cosyns to suggest that the Cosyns procedure would be suitable for such a 
process. Cosyns is actually directed to the selective hydrogenation of di-olefins and acetylenes 
in feedstocks containing ethylene and/or propylene. Presumably, the objective in Cosyns is to 
arrive at such feedstocks useful in the production of polyethylene or polypropylene. Clearly, 
there is nothing in Cosyns which would suggest the application of the Cosyns process to the 
treatment of a feedstock in an olefin cracking process. 

In summary, there is no basis supplied in the prior art references to combine the teachings 
of EP '060 and Glockner or Cosyns. Further, even if one of ordinary skill in the art after reading 
appellants' disclosure were to attempt to combine the reference teachings, the result would be to 
target a diene content of 1 wt.%. It is further noted that the Final Rejection acknowledges that 
the secondary references fail to disclose a maximum diene concentration of 0.1 wt.%. To the 
extent that the calculations at the bottom of page 5 of the Final Rejection depart from this 
acknowledgement in an attempt to show a diene concentration of 0.1 wt.%, appellants would 
respectfully submit that the mathematical analysis presented there is incorrect and simply ignores 
what is actually disclosed in Glockner. Glockner, in Table 2, reports on test runs carried out 
employing a feedstock of 60 vol.% isoprene and 40 vol.% normal hexane. The conversion figure 
which the Examiner selected in his mathematical calculation would result in a diene content well 
above the 0.1 wt.% level specified in appellants' claims. In this respect, it is noted that the 
mathematical treatment found at the bottom of page 5 ignores the fact of the diene content (60 
vol.%) as well as the selectivity of 90.2%. It is evident that the diene content actually arrived at 
in the effluent at ten hours on stream would be approximately 6.15%, arrived at by calculating 
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the amount of isoprene actually converted. Further, even if the selectivity corresponding to the 
99.5% conversion were 100% instead of the actual reported value of 90.2%, the remaining diene 
content would still be well in excess of 0.1 wt.%. 

It should not be inferred from the foregoing that appellants accept the rationale put forth 
in the Final Rejection to support the proposed combination of EP '060 and Glockner. The point 
is, however, that even if one follows exactly the Examiner's rationale purporting to show a low 
diene content in Glockner, the result is a diene content well in excess of the 0.1% level called for 
in appellants 5 claims 17 and 40. 

With respect to the comments found on page 8 of the Final Rejection relative to 
claims 43 and 44, appellants would respectfully submit that the assumption made in these 
calculations (that the product would necessarily contain 22.7g of isobutene per lOOg of reactant) 
is unwarranted in view of the disclosure actually contained in Table 4 of Colombo. It would 
appear that the conversion figure of 77.3 in Table 4 of Colombo is stated with respect to the 
product components for which the selectivity values are presented. No figures are given for the 
product yield of isobutene and there is no basis in Colombo to assume 22.7g of isobutene passed 
through the reactor without change. In fact, the isobutene employed in Example 25 of Colombo 
could well contain butadiene, since 1,3-butadiene has a boiling point of about -4.4° C, very close 
to the -6.9° C boiling point of isobutene. In this regard, it is noted that isobutene is derived by 
the fractionation of refinery gases (See the attached page 652 from Hawley's Condensed 
Chemical Dictionary, 12 th Ed. Submitted as Exhibit D) and the close proximity in boiling points 
of 1,3-butadiene and isobutylene could well result in the isobutylene fraction also containing 
butadiene. However, even assuming that the calculations presented on page 8 of the Final 

1 60% - 60% x 0.995 x 0.902 = 60% - 53.85% = 6.15% 

-9- 

DALLAS :3 1 223/78925 : 1 2785 82vl 



Rejection are fairly based, it will be noted that the olefin content of the feedstock and the effluent 
still would not be within ± 10 wt.% of each other as set forth in claim 44. To the extent the 
observations and calculations presented on page 8 of the Final Rejection are intended to show 
lack of patentability of original claim 37 (now claim 17), it will be noted that this claim calls for 
a space velocity, LHSV, of from 10 to 30 hrs" 1 . Example 25, relied upon in the analysis set forth 
in page 8 of the Final Rejection, specifies that the space velocity is well below the range called 
for in claim 17. 

The patent to Cosyns is directed to the selective hydrogenation of a C 2 - C3 hydrocarbon 
fraction. The Colombo reference is directed to the conversion of C 4 + hydrocarbons, and thus 
there would be no reason for one of ordinary skill in the art to look to Cosyns, which involves the 
hydrogenation of hydrocarbons of lower molecular weight than those employed in Colombo. 
Further, even if the teachings of Colombo and Cosyns were to be combined, the result would be 
a diene concentration well in excess of the 0.1 wt.% value called for in appellants' claims 17 and 
40. In this regard, Cosyns, in column 1, lines 32-38, makes reference to a steam cracking charge 
containing 1-2% propadiene. 

As demonstrated by the foregoing remarks, it is respectfully submitted that the 
combinations of the secondary references, Glockner et al. or Cosyns et al. with Colombo as the 
primary reference cannot be made in a manner to arrive at appellants' invention, even if it were 
appropriate to use appellants' teachings as a basis for combining the diverse teachings of the 
references. This, however, is not the appropriate standard to be applied in combining prior art 
teachings. The appropriate standard forbids using an appellants' own disclosure as a basis for 
assembling prior art teachings and requires a suggestion or motivation in the prior art as reflected 
in decisions in ACS Hospital Systems, Inc. v. Montefiore Hospital 221 USPQ 929 (Fed. Cir. 
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1984) and Ex parte Giles 228 USPQ 886 (PTO Bd. Of Appeal. And Int. 1985). As expressed by 

the Board in Giles at 688: 

Only appellant's disclosure and not the prior art provides a motive for 
achieving the combination as claimed by the appellant. To imbue one of 
ordinary skill in the art with knowledge of the invention . . . when no prior 
art reference or references of record convey or suggests that knowledge is 
to fall victim to the insidious effect of a hindsight syndrome wherein that 
which only the inventor taught is used against its teacher. 

Attention is also respectfully invited to the Federal Circuit decision in In re Fine, 5 USPQ2d 

1956 (Fed. Cir. 1988) wherein the Court stated at 1600: 

It is essential that "the decisionmaker forget what he or she has been 
taught at trial about the claimed invention and cast the mind back to the 
time the invention was made ... to occupy the mind of one skilled in the 
art who is presented only with the references, and who is normally guided 
by the then-accepted wisdom in the art." Id One cannot use hindsight 
reconstruction to pick and choose among isolated disclosures in the prior 
art to deprecate the claimed invention. (Emphasis added) 

The admonitions in Ex parte Giles and In re Fine are to step back in time to evaluate the 
invention only in the context of what is disclosed in the references without regard to what is 
disclosed in appellants' specification. When this is done, it is believed clear that one of ordinary 
skill in the art would not arrive at appellants' invention based only upon the references and "the 
then-accepted wisdom in the art." It is only with the benefit of hindsight after a reading of 
appellants' disclosure, would it occur to one of ordinary skill in the art to attempt to combine 
Glockner et al., directed to alkylation feeds, or Cosyns et al., directed to polymerization feeds, 
with Colombo in an attempt to hydrogenate dienes, which are non-existent in Colombo, to arrive 
at an olefin cracking feedstock. 

In regard to the reliance in the Final Rejection on the holding of in re McLaughlin, 443 
F2d 1392, 170 USPQ 209 (CCPA 1971), the McLaughlin case which led to the conclusion of a 
prima facie case of obviousness in view of what the reference disclosures would suggest to one 
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of ordinary skill in the art, does not countenance hindsight reconstruction of the prior art of the 

type condemned in the decisions cited above. As noted previously, the various processes 

disclosed in Colombo, Glockner and Cosyns are so diverse and unrelated that the attempt to 

combine their teachings is based not on knowledge which was within the level of one of ordinary 

skill in the art, but on appellants' own disclosure. Further, as noted above, the combined 

teachings of the references fall short of appellants' claimed subject matter. 

As further acknowledged in the Final Rejection, the Colombo reference fails to disclose 

the use of an MFI catalyst having a silicon/aluminum atomic ratio of 180-1,000 as required in 

appellants' claims. Instead, Colombo merely refers to a silicon/aluminum ratio of at least 175 with 

no upper limit, disclosing a catalyst in which no aluminum is present, ie. a silicon/aluminum ratio 

of infinity. Thus, the teaching in Colombo is that the silicon/aluminum atomic ratio is of no 

significance and, in fact, that it makes no difference whether or not aluminum is even present in the 

catalyst. Appellants would respectfully submit that the Examiner is in error in suggesting that the 

disclosure of a very broad range would in itself render obvious a specific narrower range included 

within the broad range. Specifically, to the extent that the rejection relies upon the premise that the 

disclosure of very broad ranges encompassing narrow ranges amounts to a disclosure of such 

narrow ranges or renders the use of such ranges obvious, appellants would respectfully disagree. It 

is believed to be well established that the existence in the prior art of broad ranges which encompass 

narrow ranges presented in the claims does not in itself establish lack of novelty or obviousness of 

such ranges. In this regard, attention is respectfully invited to In re Russell, 169 USPQ 426, CCPA 

(1971) wherein the court in reversing the rejection of the claims stated: 

Essentially, appellant's contention is that the employment of the proportions 
recited in the claims unexpectedly yields clear compositions without the 
need for a filtration step. Appellant's position on the law is sound, for even 
though part of appellant's range of proportions, and all of his ingredients, are 
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suggested by the broad teaching of Wei, if appellant can establish that his 
relatively narrow ranges yield unexpectedly superior results as against the 
broad Wei ranges as a whole, appellant will have established unobviousness 
of the claimed invention. See In re Luvisi, 51 CCPA 1063, 342 F.2d 102, 
144 USPQ 646 (1965); In re Neave, 54 CCPA 999, 370 F.2d 961, 152 
USPQ274(167). 

For a similar holding, reference is made to In re Waymouth and Koury, 182 USPQ 290, CCPA 
(1974). In this case, the claims on appeal were directed to a lamp having an arc tube containing 
halogen in mercury atoms present in a ratio of 0.08 to 0.75. The prior art reference disclosed a 
similar device containing halogen and mercury atoms. The calculated ratio of halogen to mercury 
atoms inherently disclosed in the reference ranged from 0.0000001 to 1.3. Although the prior art 
range enveloped the narrower range claimed by appellant, the court reversed the rejection of the 
claims in view of the unexpectedly superior results achieved by operating within the claimed range. 

In the present case, similarly as in the Russell and Waymouth decisions, appellants' 
invention involves the use of the catalyst having characteristics which are not taught by the prior art 
and which produce unexpectedly superior results which are not recognized by the prior art 
references. Accordingly, appellants respectfully submit that the claims are patentable over the prior 
art references by virtue of the claimed silicon/aluminum atomic ratio of 180-1,000. 

In addition to the requirement in claims 17 and 20 of a silicon/aluminum atomic ratio of 
180-1,000, these claims require an inlet temperature of 500° to 600° C and claim 17 specifies a 
space velocity (LHSV) of 10 to 30 h" 1 . Claim 20 further recites an olefin partial pressure of from 
0.1 to 2 bar. Colombo does not disclose or suggest this particular combination of parameters and 
instead discloses, in addition to the very broad range of the silicon/aluminum ratio, broad ranges of 
olefin partial pressure, space velocity, and temperature. Thus, Colombo specifies a temperature of 
400° to 600° C, a space velocity of 5 to 200 h* 1 , and a pressure of 1.5 to 7.5 atmospheres. The only 
qualification on space velocity appears to be a space velocity of less than 50 h" 1 if the pressure is 
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atmospheric and greater than 50 h" 1 at a pressure of from 1.5 to 7.5 atmospheres. In fact, with the 
single exception of Example 36, the space velocity in Colombo is well below the 10 to 30 h" 1 range 
called for in claim 17 or well above this range as in Examples 32-35. In Example 36 of Colombo, 
the space velocity is 20 h" 1 . However, Example 36 does not specify a silicon/aluminum atomic ratio 
within the range called for in appellants' claims, and the only inference that can be drawn from the 
reference disclosure is that this ratio, like the ratio of the other examples of silicalite -1 disclosed in 
the reference, is well above the upper limit of 1,000 called for in the claim. In this respect, every 
example of silicalite -1, as described in Colombo specifies that no aluminum is present. 

Appellants respectfully disagree with the Examiner's position that data in Colombo 
indicates that the olefin contents of the feed and product are substantially the same by weight as 
set forth in claim 17. Nor are they within ± 15% of each other as set forth in claim 43 or with ± 
10 wt. % as recited in claim 44. Further, it is again noted that claim 17 requires, in addition, a 
temperature range of 500° - 600° C and a space velocity of 10 to 30 h' 1 . As noted above, with 
the exception of Example 36, all of the space velocities shown in the various examples of 
Colombo are outside of the claimed range. As to relative olefin content of the feed and the 
effluent, there is no clear indication in the various examples that these values are within ± 15%. 
In some cases they are clearly outside of this range. For example, the products in Examples 16- 
23, which show high selectivity to BTX, clearly do not involve an effluent having an olefin 
content within 15% of the olefin content of the product stream. In other examples, it is 
impossible to determine whether the claimed relationship between the feed stream and the 
effluent stream is met. Similarly, Examples 1-6 show a very high product in the effluent of C 5+ 
compounds. It is not clear whether these are saturated or unsaturated, and thus again, a 
determination as to the relevant olefin content of the feedstock and effluent cannot be made. In 
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any event, it will be recalled that whether or not these various examples involve an effluent and a 

feedstock having olefin contents within 15%, they clearly do not involve the space velocity 

requirements of claim 17. The sole example of Colombo, which does indicate a space velocity 

within appellants' claimed range, is Example 36, as noted above. Example 36 does not, 

however, disclose the relationship between the olefin contents of the feed and the effluent as 

claimed. Moreover, the disclosure in Example 36 of Colombo indicates that the relative olefin 

contents of the feed and effluent could be substantially different. In this respect, the olefin 

content of the feed in Example 36 is 100% normal butene whereas the identified olefin content of 

the effluent (propylene, ethylene, and isobutylene) is about 50%, About 4-5% of the effluent is 

identified as saturated gases, with the remainder being identified as C 5 + liquids. Presumably, 

substantial portions of these liquids would be olefins resulting from butene oligomers which are 

unsaturated. However, if as much as even 30% of the C 5+ liquids are saturated, it is clear that the 

olefin content of the effluent would not be within 15% of the olefin content of the feedstock. 

As to the Examiner's alternative ground based upon inherency, appellants respectfully 

note that the law is well settled that for an alleged inherent feature to result from a prior art 

teaching, it is necessary that this inherent feature necessarily flow from the teachings of the prior 

art. Thus, an alleged inherent feature must be a necessary result and not merely a possible result. 

This principle is stated in MPEP Section 2112: 

The fact that a certain result or characteristic may occur or be present in the 
prior art is not sufficient to establish the inherency of that result or 
characteristic. (Emphasis original) 

Section 2112 reflects the general rule that for inherency to reside, it must be shown that the alleged 

inherency is necessarily present and not a mere possibility. Thus, as stated by the Board in Ex parte 

Keith, 154 USPQ 321 (Bd. of App. 1966), in reversing the Examiner's rejection based upon 
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inherency: 



There are other possible courses the reaction could follow . . . 
Asserted inherency must be a necessary result and not merely a 
possible result. 



As indicated in Section 21 12, this principle was more recently followed by the Board in Ex parte 
Levy, 17 USPQ2d 1461 (Bd. of App. and Interf. 1990), where the Board reversed an inherency 
rejection, stating as follows: 



In relying upon the theory of inherency, the examiner must provide a 
basis in fact and/or technical reasoning to reasonably support the 
determination that the alleged inherent characteristic necessarily 
flows from the teachings of the prior art (citing cases), (emphasis 
original). 



Here, this claimed subject matter clearly is not inherent in Colombo. 



For the reasons set forth above, appellants respectfully submit that all of the claims herein 
are patentable over the prior art. Accordingly, it is respectfully requested that the Final Rejection of 
the claims be reversed. 

The Commissioner is hereby authorized to charge the Locke Liddell & Sapp LLP Deposit 
Account No. 12-1781 for any fees due in connection with this communication. 



Date: May 3, 2004 

Locke Liddell & Sapp LLP 
2200 Ross Avenue, Suite 2200 
Dallas, Texas 75201-6776 
Telephone: (214)740-8535 
Facsimile: (214)756-8535 



Conclusion 



Respectfully submitted, 




Registration No. 20,846 
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Exhibit A 

The claims on appeal are as follows: 

17. A process for cracking an olefin-rich hydrocarbon feedstock which is selective 
towards propylene in the effluent, the process comprising contacting a hydrocarbon feedstock 
having a maximum diene concentrated therein of 0.1 wt.% containing olefins having a first 
composition of at least one olefinic component with an MFI crystalline silicate catalyst having a 
silicon/aluminum atomic ratio of from 180 to 1000 to produce an effluent having a second 
composition of at least one olefinic component, the feedstock contacting the catalyst at an inlet 
temperature of from 500 to 600° C and being passed over the catalyst at an LHSV of from 10 to 
3011" 1 , the feedstock and the effluent having substantially the same olefinic content by weight 
therein, and the effluent having a higher propylene content than the feedstock, wherein the dienes 
have been removed from the feedstock prior to the cracking step by selective hydrogenation. 

18. A process according to claim 17, wherein the diene hydrogenation process is 
carried out at an absolute pressure of from 20 to 30 bar and an inlet temperature of from 40 to 
200° C. 

19. A process according to claim 18, wherein the LHSV of the feedstock in the diene 
hydrogenation process is from 2 to 5h"\ 

20. A process for the cracking of olefins in a hydrocarbon feedstock containing at 
least one diene and at least one olefin, the process comprising hydrogenating the at least one 
diene to form at least one olefin in the presence of a transition metal-based hydrogenation 
catalyst at an inlet temperature of from 40 to 200° C and an absolute pressure of from 5 to 50 bar 
with a hydrogen/diene molar ratio of at least 1, and catalytically cracking the olefins in the 
presence of an MFI crystalline silicate catalyst having a silicon/aluminum atomic ratio of from 
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180 to 1000 at an inlet temperature of from 500 to 600° C and an olefin partial pressure of from 
0.1 to 2 bar to produce an effluent having at least one olefin and having a different olefin 
distribution with respect to average carbon number than the at least one olefin in the feedstock. 

38. A process according to claim 20 wherein the LHSV of the feedstock in the diene 
hydrogenation process is from 2 to 5 h" 1 . 

39. A process according to claim 38 wherein the diene hydrogenation process is 
carried out at an absolute pressure from 20 to 30 bars and an inlet temperature from 40 to 200° C. 

40. A process according to claim 20 wherein said hydrogenation is carried out to 
provide a maximum diene concentration in said feedstock of 0.1 wt.%. 

41. A process according to claim 40 wherein the maximum diene concentration is 
0.05 wt.%. 

42. A process according to claim 40 wherein the maximum diene concentration is 
0.03 wt.%. 

43. A process according to claim 20 wherein the olefin content of the feedstock and 
the olefin content of the effluent are within ±15 wt.% of each other. 

44. A process according to claim 43 wherein the olefin contents of the feedstock and 
the effluent are within ±10 wt.% of each other. 
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Silicalite, a new hydrophobic crystalline 
silica molecular sieve 

E. M. Flanigen, J. M. Bennett, R. W. Grose, J. P. Cohen, R. L. Patton & R. M. Kirchuer 

Union Carbide CorporaUon. Tarrytown Technical Center, Tarrytown, New York: 10591 

J.Y.Smith 

Department of Geophysical Sciences^ University of Chicago. CMcagp^Illinois 60637 



A new polymorph ofSiO t (silicalite, refractive index 1.39, • 
density 1.76 g enr*) has a novel topologlc type ofletrahedral 
framework. This encloses a' three-dimensional system of 
intersecting channels defined by JO-rings wide enough to 
adsorb molecules up to 0.6 nm diameter. Silicaliiels hydro- 
phobic and organophilic, and selectively adsorbs organic 
molecules over wafer.' 

A major scientific and technological achievement since 1949 
has been the discovery and development of synthetic crystalline, 
aluminosilieate zeolites as molecular sieve adsorbents and 
catalysts. Wc now report the synthesis, crystal structure, and 
properties of silicalite, a new mieroporous crystalline silica with 
remarkable sieve properties. Unlike aluminosilieate zeolites 
which arc hydrophilic. silicalite is hydrophobic and organo- 
philic, and selectively adsorbs organic molecules in the presence 
or water. 

The crystal structure is a new topologic type or tctralicurai 
framework, which contains a large fraction of five-mcmbcrea 



rings of silicon-oxygen tetrahedra. The framework outlines a 
three-dimensional syiteni of intersecting channels d^ned by 
I0-ringsofoxygenl6nsinallthreedirectlons.0rgani6qu|ternary 

ammonium Ions which dceupy the channels in the precursor 
obtained by hydrothermal.synthesis, are removed by heating to 
yield silicalite. The resulting void occupies about 33/Spr the 
crystal volume, and the three-dimensional channel is, wide 
enough to adsorb molecules up to about 6 A in diameter. 
Silicalite can be* heated to. near 1,300 'C where it degrades to 
a glass. t : • 

Synthesis . ; . 

The silicalite Vecu/wr T§ crystallised .hydrolhermally in a 
closed system containing alkylawmbjiiunicalions (for example, 
tetrapropylammonium), [iyarbM:i°re. *nd« reactive form Oj. 
. ... ' ,n* uacp -ruZ^ nnn ;.»Iraviisn¥iins- nrccursor, crystals 
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crystals (mean refractive index ! .39, . y I.76gcnr»). As 
}he silica framework is electrically neutral, the organic ion 
is apparently occluded with hydroxy! ions to maintain charge 
balance, as indicated by infrared spectroscopy. The unit cell 
™ P .°5l!l 0 I!.l? r thc P rccu «or crystals can be expressed as 
.WA0H-96SiOJ Unlike aluminium-containing zeolites, 
. stlicalite has no cation exchange properties. 

The crystallisation mechanism of the precursor seems to 
involve silica clathration or the hydrophobic organic cation 
analogous to the formation of crystalline water clathrates of 
.alkjrlammoniurn salts 1 -*. Thus the silida tetrahedra assemble 
: in.to : a framework- in. place of the hydrogen-bdnded watet 
lattice of thc water clathrate, and surround the hydrophobic 
organic guest molecules. The alkylammonium ion seems to 
enhance thc solubility of silica in water in a manner reminiscent 
of the structure-breaking', or 'cluster' forming properties of 
these same ions in aqueous solution 3 . Indeed, the alkyl- 
ammonium ion further links the chemistry and structure of 
water and silica, and seems to translate the structural chemistry 
of water below room temperature to silica near 200 °C 

Crystal structure 

Precursor crystals are typically 20x20x70 pm elongated 
along c\ and commonly occur as intcrpenctrant twins on the 
(1 10) plane. Crystals calcined to 600 X over 2 d J*ave unit-cell 
edges a, .10.06; b 9 19.80; c, 13.36 A. The systematic absences 
(AA-0, A«2//-H; 0*1. k+l t=2n-H) indicate space group 
Pnma or Pn2 a a. Although the symmetry is apparently orthor- 
hombic, weak dim-actions may result from either lower symmetry 
or intwgrowth of a second phase. From 8.297 diffraction 
intensities collected with monochiomatised CuKo radiation 
out to 20 110- with a Picker FACS-I diflractometer, 3,542 
unique diffractions 'were obtained with 764 above background 
(3a). The crystal* was twinned, and overlap of diffractions was 
corrected for the 90 : 10 ratio of the twin volumes. 

Combination of direct methods (MULTAN program) and 
model building yielded the structure in Pn2 t a (Table I). The 96 
tetrahedra per unit cell form a 4-connected framework with a 
system of intersecting channels (Fig. I) composed of near- 
circular zig-zag channels along a (free cross-section 5.4±0.2 A) 
cross-linked by elliptical, straight channels along b (free cross- 
section 5.7-5.8x5. 1-5.2 A).. Both channels arc defined by 
10-rings. The calculated free cross-section assumes that oxygen 
ions have a radius of 1.3 A, and depends slightly on the 
choice of diametrically-opposing oxygens. The channel system . 
same topology as that reported for a *shape-se!cctivc' has the 
zeolite*, but structural details were not given. 

Figure 2A is a photograph down the b axis of a model 
constructed from tetrahedra! stars and plastic linkages. Figure 

Fig. 1 Idealised channel system in silicalite. To avoid possible 
confusion caused by the perspective, the dimensions of- the 
• . cnannels along c are shown at upper centre. 
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3A is a topological OiuWi-g showing how the framework can be 
constructed from pairs or tetrahedra, 4-rings and corrugated 
bands of 6-nngs all cross-linked by 5-rings and occasional 
fr-nngs. Figure IB shows the <*-axis projection. Thc corrugated 
bands of 6-nnfis are seen end-on t and each 4-ring lies between 



Elliptical 10-rIngof 
Krafghi channel 



5.7A 



Near-circutar 
10-rifig or 
2lg-zag 
channel 




Table 1 Atom positions In silicalite 



Atom 
SI«) 

SI (2). 
SI (3) 
SI (4) 
SI (5) 
SI (6) 
SI (7) 
SI (8) 
SI (9) 
SI (10) 
SI (II) 
SI (12) 
SI (13) 
SI (14) 
S (15) 
SI (16) 
SI (17) 
SI (18) 
SI (19) 
SI (20) 
SI (21) 
SI (22) 
SI (23) 
SI (24) 
O(l) 
0(2) 
0(3) 
0(4) 
0(5) 

,8$. 

. 0(8) 
0<9). 
O(I0) 
O(II) 
0(12) 
0(13) 
0(14) 
0(15) 
0(16) 
0(17) 
0(18) 
O09) 
0(20) 
0(21). 
0(22) 
0(23) 
0(24) 
0(25) 
0(26) 
0(27) 
0(28) 
0(29) 
0(30) 
0(31) 
0(32) 

0(34) 
0(35) 
0(36) 

0(38) 

0(39) . 

0(40) 

0(41) 

0(42) 

0(43) 

0(44) 

0(45) 

0(46) 

0(47) 

0(48) 



.0.4125(0 
0.3055(9) 
0.1902(2) 
0.0687(7) 
0.2160(8) 
0.3752(6) 
0.0788(8) 
0.1838(10) 
0.3166 (10) 
0.4266(9) 
0.1220(10) 
0.0754(7) 
0.1965(9) 
0.3187(10) 
0.4228(10) 
0.1184(9) 
0.2727(8) 
0.2752(7) 
0.2267(9) 
0.3845(9) 
0.4249(8) 
0.3063(9) 
O.I88I (9) 
0.0590(8) 
0.3834(16) 
0.3730(17) 
0.4837(18) 
0.2409(17) 
0.3047(18) 
.0.1082(19) 
0.1234(18) 
0.2527(17) 
0,2995(18) 
0.0963(19) 
0.1306(17) 
0.4967(16) 
0.3214(17) 
0.3687(17) 
0.2481 (18) 
0.3214(16) 
0.0836(16) 
0.9931 (18) 
0.4274(17) 
0.3866(16) 
0.1827(17) 
0.4039 (19) 
0.1907(18) 
0.2892(16) 
0.1802(16) 
0.4021 (17) 
0.1974(18) 
0.2054(16) 
0.0696(15) 
0.1011(12) 
0.2768 (16) 
0.0818(17) 
0.0766(18) 
0.2074(16) 
0.3970(16) 
0.1917(17) 
0.0959 (17) 
0.2978(18) 
0.3030(19) 
0.1989(18) 
0.4144(18) 
0.3853(17) . 
0.2588(16) 
0.1171 (16) 
0.5020(16) 
0.3103(17) 
0.4198(16) 
0.1992(18) 



y : 
05468(3) 
0.5150(10) 
0.5570(2) 
0.5225 (8) 
0.4223 (8) 
0.4401 (10) 
0J597 (10) 
0.3056(10) 
0.3582(10) 
0JI93 (10) 
0.3138(11) 
0.1208(8) 
0.1517(8) 
0.1150(10) 
0.1631 (10) 
0.1586 (10) 
0.3166(9) 
0.1658 (9) 
0.0492(10) 
0.0592(8) 
0.9393 (10) 
0.9575 (10) 
0.9450 (10) 
0.9051 (8) 
0.3370(17) 
0.5271 (18) 
0.5483(17) 
0.5344(18) 
0.4414(19) 
0.5474 (18) 
0.3419(19) 
0.3213 (18) 
0.3313(17) 
0.3102(18) 
0.1508(19) 
0.1527(17) 
0.0614(18) 
0.1690(18) 
0.1473(16) 
0.1481 (18) 
0.4454(19) 
0.3393(18) 
0.2462(19) 
04978(18) 
0.4747(18) 
0.3795(18) 
0.3629 (18) 
0.4112(17) 
0.4479(18) 
0.4694(16) 
0.2503(18) 
0.3315 (16) 
03590(16) 
0.2550(16) 
0.2320 (18) 
0.1548(17) 
0.0362(18) 
0.1165(18) 
0.1289 (16) 
0.1492(17) 
0.1096(16) 
0J7I5(I7) 
0.1275(16) 
0.0438(17) 
0.0564(17) 
0.9245(18) 
0.9544(18) 
0.9156(17) • 
0.9461 (17) 
0.0342(16) 
0.9896(17) 
0.9823 (17) 



.\ * .: ; 
p.35!8.(9) 
0.1944 (7) 
0.3197 (6) 
0.1616(9) 
0.4595(10) 
0.4627(10) 
0.1744(10) 
0.3060(10) 
0.1586(10) 
0J227(I0) 
0.9710(10) 
0.1912(10) 
0.3032 (10) 
0.1766(12) 
0.3005(12) 
0.9420(11) 
0,9773(11) 
0.9599(11) 
0.4464(11) 
0.4818(11) 
0.3132(12) 
0.1701 (II) 
0.3239 (12) 
0.1989(10) 
0.2262 (21) 
0.2454 (22) 
0.2972 (23) 
0.2262 (22) 
0.1849(23) 
0.2573 (22) 
0.2806(23) 
0.2209 (24) 
0.0822 (23) 
0.0572(23) 
0.2555 (24) 
0.2721 (22) 
0.1352 (23) 
0.2261 (24) 
0.2212(23) 
0.0394 (22) 
0.1702(24) 
0.1904 (15) 
0.3529 (20) 
0.4116(25) 
OJ853 (22) 
0.4059 (25) 
0.4021 (24) 
0.4760 (20) 
0.5685 (20) 
0.5966 (21) 
0.3459 (20) 
0.9469(18) 
0.9334 (20) 
0.9533 (20) 
0.91.37 (19) 
0.0798(19) 
0.1714(22) 
0.4281 (20) 
0.3892(21) 
0.9844 (20) 
0.8882 (22) 
0.8828 (23) 
0.8621 (20) 
0.5593(19) 
0.5818(22) 
0.2291 (19) 
0.2675(19) 
0.2414(19) 
0.2986/22) 
0.4894(19) 
0.3833 (22) 
0.4196 (21) 



Values in parcnlhcscs following thc values for thc atom parameters 
are the error values. Thc temperature factor was fixed at 1.0 for thc 
silicon atoms and 2.5 for ihc oxygen atoms 
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Fig. 2 >f. Framework viewed down b: B % Secondary building 
unit or structure. Twelve tetrahedra linked into five 5-rings ana 
one 6-ring. . 



two linked pairs. Particularly interesting Is the high percentage 
of 5-rings, a feature shared with the zeolites dachiardite, 
mordenite, ferrierite and cpistilbite. Two other polymorphs 
of silica, coesitc and melanophlogitc, also contain 5-rings. The 
frameworks of the zeolites listed above contain an infinite 
sheet of linked 6-rings, which might be regarded a% a subunit 
involved in synthesis 4 **. Perhaps the corrugated bands of 6- 
rings may be regarded as a sub-unit in the synthesis of silicalite. 
Alternatively* the silicalite structure can be assembled from 
subunils of 12 linked tetrahedra (Fig. 20). 

The structural subunits of silicalite can be assembled into 
other structure types, as will be described elsewhere. These 
theoretical frameworks give calculated X-ray powder patterns 
which do not match the observed X-ray powder pattern for 

Ffc. 3 Topologic drawings of silicalite structure.. >f, b-afis * 
projection, B t a-axis projection. Si atoms lie at the intersections 
of the lines, and O atoms approximately half-way along the 
lines. Triple bands or corrugated 6-rings arc shown by thick and 
thin continuous lines. Pairs of tetrahedra and 4-rings occur in 
projection in (B) as dots and circles and as linked open and filled 
triangles. In </!) the pairs of tetrahedra and the 4-nngs super- 
impose as linked dots of two sizes. The comers of the unit ceil 
arc shown, together with screw diad axes ofsyrpmetry. 
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silicalite. The present striiv^.~ gives a calculated pattern which 
fits well with the observed pattern (Fig. 4). Because of the 
weakness or Intensities from the small crystal used for the struc- - 
ture determination, the R factor is rather high at 0.16. The 
twinning of silicalite around {110} may be due to faulting 
perpendicular to b allowing a pseudo-tetragonal framewbrk 
that permits a and b axes to interchange giving the appearance 
of a (110) twin axis. An 'hourglass* zoning is also seen on the 
(010) and (100) faces. The calculated density is 1.80 g cm"^ In 
good agreement with the measured 1 .76 g cm~*. . v 

Adsorption . ' . . * 

Silicalite is a molecular sieve adsorbent with an adsorption 
pore she near 6 A and a saturation adsorption pore volume 
of 0.19 cm 3 g" 1 in agreement with the properties expected 
from its crystal structure. At ambient temperature, it adsorbs 
molecules as large as benzene (kinetic diameter 5.85 A) but 
rejects molecules larger than 6 A, such as neopentane (kinetic 
diameter 6.2 A). Although the pore-size effect can be used in 
molecular sieving, its most remarkable adsorption property 
is surface selectivity. In contrast to the extremely high pre- 
ference of aluminosilicate zeolite surfaces for water (hydro- 
philic) and other polar molecules, silicalite has a very low 
selectivity for the adsorption of water and a very high pre- 
ference for the adsorption of organic molecules smaller than 
its limiting pore size. This hydrophobic and organophilic 
selectivity manifests itself in several ways. Adsorption of or- 
ganic molecules and permanent gases on silicalite occurs by 
the volume filling of micropores as in zeolite molecular sieves 
and other microporous adsorbents. The filling of micropores 
occurs by physical adsqrption at low relative pressure* and is 
characterised by enhancement of the adsorption energy due to 
increase or dispersion forces resulting from comparable size 
of the adsorption volume and the adsorbed molecule. This 
results in a type I, near rectilinear isotherm as illustrated for 
the gas phase adsorption of ^hcxane on silicalite (Fig. 56). 
Pore filling is essentially complete at a relative pressure of 0.05. 
In contrast, water does not fill the pores at any relative'pressure • 
(Fig. 5a). The adsorbed water volume at a relative pressure 
near one Is about 25% of the saturation pore volume for n- 
hexane. In liquid or gaseous mixtures of organic molecules and 
water, silicalite selectively adsorbs the organic molecule, and 
thus is capable of removing organic molecules from organic- 
water streams. 

Most solid surfaces are hydrophilic. Previously known hydro- 
phobe surfaces 7 include graphitised carbon and microporous 
and macroporous silicas which have been rendered hydro- 
phobic by removal of (he hydrophilic surface hydroxy! groups 
either by thermal dehydration and dehydroxylation or by 
chemical modification of the surface to replace the hydroxyl 



Table 2 Adsorption volumes in silicalite 

Temperature Kinetic K p 
Adsorbate (° C) diameter (cm 1 g- 1 ) 
(A) 



H»0 

C&.OH 
ff-Butane 
n-Hcxane 

C,H t 



RT 

-183 

RT 

RT 

RT 

RT 

RT 



Nec~pentanc RT 



2.65 

3.46 

3.8 

43 

4.3 

5.5 

5.85 

6.2 



0.047 

0.185 

0.193 

0.190 

0.199 

0.167* 

0.134 

0.029 



Vt 


Molecules 


adsorbed 




per unit cell 


0.033 


15.1 


0.326 


38.0 . 


0.340 


27.6 


0.334 


10.9 


0.350 


8.8 




10.9 


C\236 


8.7 


0.051 


1.4 



Total micropore volume In activated silicalite from 




1 1 VI I I IV I VI * /• *»-^*w.fc»..w.. »■ — — — 

McBaln-Bakr balance technique. RT, room temperature. 
•At 760 torn 
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; ••• I 



B 




Fig. 4 X-ray powder diffraction pattern of A* calcined silicalite 
material, and B, calculated from parameters in Table I. CuKo 
radiation with scale in degrees 26. 



groups with hydrophobic organic or organosiloxane groups. 
The water isotherms (Fig. 5 A) for Graphon, a dehydrated 
'HiSil* silica, and a carbon molecular sieve with a pore size 
(5.0-5.5 A) and pore volume (0.20 cm a g~\) comparable to that 
of silicaHte, suggest that the silicalite surface is similar to or 
more hydrophobic than the Graphon and dehydrated HiSil 
surface. The carbon molecular sieve (commercial Pittsburgh 
activated carbon, Calgon Type MSC-V) is more hydrophilic. 

The nature of a hydrophobic adsorbent surface has become 
understood within the last. decade and is reviewed comprehen- 
sively In ref. 7. For physical adsorption on an ionic surface, 
the adsorption interaction energy consists of the sum of dis- 
persion and repulsion energies which originate from non- 
specific interactions, and electrostatic polarisation, dipole and 
quadrupole energies which represent specific . interactions. 
For adsorption of water, specific interactions are especially 
important. In the absence of surface sites which are 'hydro- 
philicY or of sites for hydrogen bonding, polar or acid-base 
interactions, the surface 'becomes nonspecific, homogeneous 
and hydrophobic. In water, each molecule is hydrogen-bonded 
.to its neighbours (approximately four, as in ice), but in silica- 
Hte the narrowness of the channels allows interaction with 
only about two to three" molecules on the average. Because 
silicalite is electrically neutral, there is no strong interaction 
with water molecules, and energetically the molecules prefer to 
remain as a liquid outside the silicalite. What small amount is 
adsorbed in silicalite is probably associated with the residual 
hydroxyl groups which persist after thermal removal of the 



organic ion in the precursor. The initial isosteric heat of ad* 
sorption of water on silicalite is about 6 kcul mol* 1 , substantially 
below that of the heat of liquefaction of water (9.7 kcal mol ~')» 
and similar to that reported for Graphon 7 . This requires a high 
entropy or adsorption, again like Graphon. Low energy and 
high entropy of adsorption (weak -adsorption of highly en- 
tropic water) indicate high mobility of the adsorbed water 
molecule. The strongly hydrophilic nature of aluminosilicate 
zeolite molecular sieves is due to the presence in the intra- 

.; crystalline void .space of polar groups such as cations and hy- 
droxy! groups, and field gradients generated by the substitution 

.or aluminium for silicon in the tetrahedral framework. Silicalite 
has no aluminium and no cations in its structure. Chen" has 
shown a substantial decrease in the amount of water adsorbed 
on the zeolite mordenite (Zcolon) due to the removal of cations, 
as well as aluminium from the aluminosilicate framework. 




OA £6 UT 
Relative pressure P t P Q 



0.1 



B 




0.2 



.J L 



Relative pressure PU* n 



0.8 



K0 



Fig. 5 A Water adsorption isotherms on hydrophobic surfaces. 
Q Carbon molecular sieve; A, Graphon; V, HiSil; r h silicalite. 
£, Adsorption isotherms on sificalilc and NaX zeolite. 0 8 at 
-183'C. samples activated at 350 C, I0"» torr; McUain-Bakr 
gravimetric measurement*. □, H 5 0 on NaX; O. O, on NaX; 
A» /i*hcxanc on NaX; A, n-hcxanc on silicalite; e, O t on 
silicalite; H. H»0 on silicalite. 
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• and described the resulting highly siliceous 2C0litcs as 'hydro- 
phobic. 

Adsorption ofw-hexanc in contrast is highly energetic with 
isostcric heals of adsorption or 16-18 kcal mo!" 1 over a wide 
range of relative pressure. This range is substantially above the 
heat of liquefaction or //-hcxanc (7;8 kcal mol" 1 ), and similar 
to the isostcric heat of adsorption or^hexane on the molecular 
sieve zeolite X, again illustrating the high dispersion energy 
interactions in crystalline molecular Steves where the adsorption, 
cavities and pores, are «S 10 A, commensurate with the size 
. or the adsorbed, molecule. Consideration of the volume, size 
and geometry of the void in the silfcalite structure (Figs 1-3) and 
the number and size or w-hexane molecules (8.8 molecules per 
unit cell and 4 J A kinetic diameter) shows that the molecules 
must be highly oriented in nearly linear strings one molecule 
thick. The fit orw-hcxane in the channels is near perfect, and 
w-hcxane becomes a low entropy highly ordered liquid in the 
silicalite lattice, typical adsorption volumes for a variety or 
molecules on silicalite are given in Table 2. 

StabHity 

Silicalite possesses a remarkable stability Tor a 33% porous 
crystal. It is stable in air to over l,I00 e C, and only slowly 
converts to an amorphous glass at 1,300 It b stable to most 
mineral acids but reacts with HF similarly to quartz. X-ray 
emission measurements or the SiKp band shoNy that the mean 
Si-O bond energy or silicalite exceeds that or quartz by 0.1 eV f 
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and is essentially the same as for cristobalite. In contrast, the 
mean Si-O bond energy in aluminosilicalc zeolites is sub- 
stantially less than for quartz*. 

Applications 

Thus silicalite may offer practical applications in the clean-up 
of water contaminated with organic compounds. Traces of 
methanol, propanol, butanol,' phenol, 1,4-dioxane, pentane 
and hexane have been removed from water. .The selectivity or 
silicalite is nearest to' that of adsorbent carbons, bat it has the 
advantage or much higher stability to regenerative commercial ■ 
processes involving' thermal, acid, arid oxidative conditions'. 

We thank T. R. Cannan for his assistance in synthesis and 
adsorption characterisation, and Union Carbide Corporation 
for permission to publish this article. 
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isobutane hydrate. See gas hydrates. 

isobu tanol . See isobuty 1 alcohol . 

isobu tanolamine. See 2-amino-2-methyl- 1 -pro- 
panol. 

isobutene. (2-methylpropene; isobutylene). 
CAS: 115-11-7. (CH 3 ) 2 C:CH 2 . A liquefied 
petroleum gas. 



CH 3 — C=CH 2 

Properties: Colorless, volatile liquid or easily liq- 
uefied gas. Coal-gas odor, bp -6.9C, fp 
-139C, flash p -105F (-76C), d 0.6 (20C), 
soluble in organic solvents. Polymerizes easily 
and also reacts easily with numerous materials, 
autoign temperature 869F (465C). 

Derivation: Fractionation of refinery gases, 
catalytic cracking of MTBE. 

Hazard: Highly flammable, dangerous fire and 
explosion risk, explosive limits in air 1.8-8.8%. 

Use: Production of isooctane, high-octane avia- 
tion gasoline, butyl rubber, polyisobutene 
resins, tert-butyl chloride, tert-butanol methac- 
rylates; copolymer resins with butadiene, acryl- 
onitrile, etc.; methyl-tert-butyl ether. 

isobutyl acetate. CAS: 1 10-19-0. 
C 4 H 9 OOCCH 3 . 

Properties: Colorless, neutral liquid; fruit-like 
odor; soluble in alcohols, ether, and hydrocar- 
bons; partially soluble in water. Bp 116-117C, 
flash p 64F (17.7C) (CC), d 0.8685 (15C), refr 
index approximately 1.392, bulk d 7.23 lb/gal, 
fp -99C, autoign temp 793F (422C). 

Derivation: Treating isobutanol with acetic acid 
in the presence of catalysts. 

Grade: Technical, solvent, perfume, FCC. 

Hazard: Flammable, dangerous fire risk. TLV: 
150 ppm in air. 

Use: Solvent for nitrocellulose; in thinners, seal- 
ants, and topcoat lacquers; perfumery; flavor- 
ing agent. 

isobutyl acrylate. CAS: 106-63-8. 

(CH 3 )2CHCH 2 OOCCH:CH 2 . 
Properties: Liquid, bp. 61-63C (51 mm Hg), d 

0.884 (25C), refr index 1 .4124 (25C), flash p 86F 

(30C) (TOC), contains 100 ppm monomethyl 

ether hydroquinone as inhibitor. 
Hazard: Flammable, moderate fire risk. 
Use: Monomer for acrylate resins. 

isobutyl alcohol, (isopropylcarbinol; 2-methyl- 1 - 
propanol). CAS: 78-83-1. 
(CH 3 ) 2 CHCH 2 OH. 



Properties: Colorless liquid, partially soluble in 
water, soluble in alcohol and ether, d 0.806 
(15C), bp 107C, flash p 100F (37.7C) (OC), fp 
- 108C, refr index 1.397 (15C), autoign temper- 
ature 800F(426C). 

Derivation: By-product of synthetic methanol 
production, purified by rectification . 

Hazard: Flammable, moderate fire risk. Strong 
irritant. TLV: 50 ppm in air. 

Use: Organic synthesis, latent solvent in paints 
and lacquers, intermediate for amino coating 
resins, substitute for n-butanol. Paint removers, 
fluorometric determinations, liquid chromatog- 
raphy, fruit flavor concentrates. 

CH 2 OH 

CH 3 — CH 

<!:h 3 



isobutyl aldehyde. See isobutyraldehyde. 

isobutylamine. CAS: 78-81-9. 
(CH 3 )2CHCH 2 NH 2 . 

Properties: Colorless liquid, amine odor, 
strongly caustic, soluble in water, alcohol, ether, 
and hydrocarbons, d 0.731 (20C), boiling range 
66-69C, fp -85C, flash p 15F (-9.4C), au- 
toign temperature 712F (377C). 

Hazard: Flammable, dangerous fire risk. Strong 
irritant to skin and mucous membranes. 

Use: Organic synthesis, insecticides. 

isobutyl-p-aminobenzoate. CAS: 94-14-4. 
NH 2 C 6 H 4 COOCH 2 CH(CH 3 ) 2 . 
Properties: White, crystalline scales; mp 64-65C; 
almost insoluble in water; soluble in alcohol, 
benzene, acetone. 

Use: Medicine (topical anesthetic), sunscreen 
preparations. 

isohutylbenzene. CAS: 538-93-2. 
(CHj^HCHAHj. 

Properties: Liquid, d 0.8532 (20/4C), fp 
-51.6C, bp 171.1, refr index 1.486 (20C), flash 
p 140F (60C), autoign temperature 802F (427C). 
Combustible. 

Hazard: Moderate fire risk. Toxic in high con- 
centration, a skin and eye irritant. 

isobutyl benzoate. (eglantine) . 
C 6 H 5 C0 2 CH 2 CH(CH 3 ) 2 . 

Properties: Colorless liquid, characteristic odor, 
d L002, bp 237C, insoluble in water, miscible 
with alcohol and ether. Combustible. 

Use: Perfumes, flavors. 

isobutyl carbinol. See isoamyl alcohol, primary. 



